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Migration of Precocious Male Hatchery Chinook Salmon in the
Umatilla River, Oregon

CHRISTIAN E. ZIMMERMAN*1

U.S. Geological Survey, Western Fisheries Research Center,
6505 Northeast 65th Street, Seattle, Washington 98115, USA

R. WES STONECYPHER, JR. AND MICHAEL C. HAYES2

Oregon Department of Fish and Wildlife,
80866 North Highway 395, Hermiston, Oregon 97838, USA

Abstract.—Between 1993 and 2000, precocious year-
ling males of hatchery-produced fall and spring chinook
salmon Oncorhynchus tshawytscha composed 3.6–82.1%
of chinook salmon runs to the Umatilla River, Oregon.
These yearling males are smaller than typical jack salm-
on, which spend a full winter in the ocean, and are com-
monly referred to as ‘‘minijacks.’’ Minijack fall chinook
salmon are characterized by enlarged testes and an in-
creased gonadosomatic index. Our goal was to determine
if minijacks migrated to saltwater between the time they
are released from the hatchery and the time they return
to the Umatilla River, a period of 4–6 months. During
1999–2000, we collected otoliths from an adult male
fall chinook salmon, 12 spring chinook salmon mini-
jacks, and 10 fall chinook salmon minijacks. We mea-
sured strontium : calcium (Sr:Ca) ratios from the age-1
annulus to the edge of the otolith to determine whether
these fish had migrated to the ocean. The Sr:Ca ratios
increased from low values near the age-1 annulus, sim-
ilar to ratios expected from freshwaters, to higher values
near the edge of the otolith. The Sr:Ca ratios increased
to levels similar to ratios expected in saltwater, indi-
cating that these fish had migrated to saltwater before
returning to the Umatilla River. Analysis of published
water chemistry data from the Columbia and Snake riv-
ers and rearing experiments in the main-stem Columbia
River confirmed that high Sr:Ca ratios measured in oto-
liths were not the result of high strontium levels en-
countered in the freshwater environment. Previously as-
sumed to remain within freshwater and near the point
of release, our results suggest these minijack salmon
migrated at least 800 km and past three hydroelectric
dams to reach saltwater and return to the Umatilla River.

Chinook salmon Oncorhynchus tshawytscha can
be classified broadly into two distinct life history
types (Healey 1991). Stream-type, or spring chi-
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nook salmon, typically spend one or more years
in freshwater before migrating to the ocean, where-
as ocean-type, or fall chinook salmon, migrate to
the ocean during their first year of life (Healey
1991). In addition to differences in the duration of
juvenile freshwater residence, spring and fall chi-
nook salmon exhibit differences in age at maturity
and age structure of fish on the spawning grounds.
Jacks, or males that mature at a younger age than
the youngest females, typically return to spawn
after one winter in the ocean and are common in
many wild and hatchery populations of both spring
and fall chinook salmon (Rutter 1902; Rich 1920;
Healey 1991). In spring chinook salmon popula-
tions, male parr may mature without migrating to
the ocean (Rich 1920; Gebhards 1960; Reimers
and Concannon 1977; Taylor 1989; Mullan et al.
1992). In wild populations, the frequency of ma-
ture male parr within the juvenile population
ranged from 1% to 2.6% in Columbia River trib-
utaries (Gebhards 1960; Mullan et al. 1992), 10%
to 12% in the McCloud River, California (Rich
1920), and up to 29% in a New Zealand population
(Flain 1970). Although not observed in wild pop-
ulations, precocious mature male parr are observed
in hatchery populations of fall chinook salmon
(Unwin et al. 1999). Precocious maturation is con-
sidered an undesirable outcome in hatchery op-
erations because it may result in decreased returns
of mature adult males (Taylor 1989; Clarke and
Blackburn 1994).

A third form of precocious male chinook salmon
has been observed in hatchery populations in the
Columbia River basin in Oregon and Washington.
In the Umatilla River, Oregon, some yearling re-
leases of fall chinook salmon and spring chinook
salmon return within only 4–7 months of release
as precocious males that are less than 380 and 300
mm, respectively. Referred to as ‘‘minijacks,’’
they are smaller than typical jacks that have spent
a winter in the ocean and are nearly twice the size
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1007MANAGEMENT BRIEFS

of naturally produced mature male parr. Minijack
returns have also been described from other Co-
lumbia River hatcheries and traps. Between 1990
to 1994, minijack returns to the Lyons Ferry Fish
Hatchery on the Snake River, Washington, ranged
from 102 to 377 (Mendel et al. 1996). Thomas et
al. (1969) observed eight yearling male fall chi-
nook salmon (approximately 350 mm total length)
returning to the Leavenworth National Fish Hatch-
ery on the Wenatchee River, an upper Columbia
River tributary. From scale pattern analyses show-
ing accelerated growth patterns inferred to repre-
sent ocean growth, Thomas et al. (1969) suggested
that these fish migrated to the ocean. Whether
minijacks migrate to the ocean or remain within
reservoirs in the Columbia River is unknown. To
better understand the conditions that promote de-
velopment of minijacks, more information is need-
ed to assess the extent of migration and environ-
mental conditions encountered by fish returning as
minijacks.

The chemical composition of otoliths can de-
scribe migration in anadromous fishes, specifically
the ratio of strontium and calcium (Kalish 1990;
Secor 1992; Limburg 1995; Radtke 1995; Secor
and Rooker 2000; Volk et al. 2000). Strontium has
binding characteristics similar to calcium (same
valence and similar ionic radius) and is substituted
for calcium in the calcium carbonate matrix of the
otolith at levels reflecting the ratio of strontium to
calcium in the environment (Kalish 1990). The Sr:
Ca ratios are generally greater in seawater than
freshwater, and therefore, analysis of Sr:Ca ratios
across the otolith of a fish can identify growth
occurring in freshwater versus saltwater. Transects
across the otolith of anadromous salmonids are
typically characterized by low Sr:Ca ratios cor-
responding to growth within freshwaters followed
by increased Sr:Ca ratios associated with growth
in the marine environment (Kalish 1990; Radtke
1995). As a result, transects of otolith strontium
or Sr:Ca ratios are becoming a common tool to
reconstruct the chronology of marine migrations
and identify migratory subgroups (e.g., Babaluk
et al. 1997; Kafemann et al. 2000; Howland et al.
2001). Because some freshwaters are naturally
high in strontium, water chemistry must be ana-
lyzed in studies relying on Sr:Ca analysis to infer
migration (Rieman et al. 1994).

Our objective was to determine whether mini-
jack chinook salmon returning to the Umatilla Riv-
er had migrated to saltwater based on analysis of
otolith Sr:Ca ratios. To first confirm that analysis
of otolith Sr:Ca ratios is appropriate for inferring

fresh and saltwater residence of fish from the Uma-
tilla River, we examined published water chem-
istry data to compare ambient Sr:Ca in the Colum-
bia and Snake rivers adjacent to the mouth of the
Umatilla River and at the upstream extent of the
Columbia River estuary. We also held a test group
of fish within the Columbia River to determine
expected otolith Sr:Ca ratios for fish within the
Columbia River. Finally, we measured Sr:Ca ratios
in otoliths from minijack chinook salmon return-
ing to the Umatilla River. Given the long distance
(440 km) and difficulty of passage due to hydro-
electric dams, we expected that Sr:Ca ratios be-
tween the first annulus and edge of the otolith
would be low and indicative of only freshwater
residence.

Methods

Study site.—Chinook salmon were extirpated
from the Umatilla River, Oregon, by 1963. Rein-
troduction of fall and spring chinook salmon, from
other Columbia River hatchery stocks, began in
1983 and 1986, respectively. Production goals for
fall chinook salmon juveniles, which are released
as yearlings at 16–17 months after fertilization,
have been 100–400 thousand releases per year.
Goals for spring chinook salmon, which are re-
leased as yearlings at 20 months after fertilization,
have been 600 thousand releases per year. All chi-
nook salmon returning to the Umatilla River are
monitored at a trap at Three Miles Falls Dam
(TMFD; Figure 1). Since 1993, coded-wire-tag-
ging of hatchery-produced chinook salmon in the
Umatilla River has allowed detailed monitoring
and identification of minijack returns to TMFD.

Description of minijacks.—Counts of fish re-
turning to the Umatilla River were conducted at
TMFD fish trapping facilities during 1993–1999
(Figure 1). Hatchery fish were initially identified
by fin-clips, and coded wire tags (CWT) were read
to identify fish to hatchery and rearing groups.
Precocious males (minijacks) were identified by
sexual maturation (as indicated by enlarged testes)
at sizes under 400 mm fork length. Spring and fall
chinook salmon were initially identified based on
timing of run and then confirmed based on CWT
identification. We focused our efforts on the de-
scription of fall chinook minijacks because pre-
cocious maturation is most uncommon in this life
history form and the proportion of fall chinook
minijacks is of a great concern in the Umatilla
River. We used ordinary least-squares regression
to test the relationship between total release of
yearling smolts and total return of minijacks by
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1008 ZIMMERMAN ET AL.

FIGURE 1.—Location of Umatilla River, U.S. Geolog-
ical Survey water chemistry sampling locations at Ver-
nita Bridge (1), Snake River at Burbank (2), and the
Columbia River at Beaver (3).

brood year. In 1999, we weighed total body weight
and weight of gonads from 60 fall chinook salmon
yearlings (haphazard sample) that were sacrificed
at release to compare the gonadosomatic index
(GI) with minijacks, where GI 5 (gonad weight/
body weight) 3 100.

Water chemistry and otolith validation.—Be-
cause determination of freshwater and saltwater
growth based on otolith Sr:Ca ratios can be con-
founded by high Sr:Ca ratios in some freshwaters
(Rieman et al. 1994), we examined available data
for Sr:Ca in the Columbia and Snake rivers. We
used previously published data from the U.S. Geo-
logical Survey National Stream Quality Account-
ing Network (Kelly et al. 2001) available on the
World Wide Web (http://water.usgs.gov/nasqan) to
determine Sr:Ca ratios in the Columbia River and
adjacent Snake River. We calculated Sr:Ca ratios
(mmol/mol) for October 1995 through August
1999 for three locations (Figure 1): Columbia Riv-
er at Beaver (USGS 14246900), Columbia River
at Vernita Bridge (USGS 12472900) and Snake
River at Burbank (USGS 13353200). The Sr:Ca
ratios were plotted over time to determine seasonal
variation and to compare with saltwater values. We
assumed ocean Sr:Ca ratios of 8.6–8.74 mmol/mol,
based on data of Bruland (1983) and Nozaki
(1997).

To test the relation between otolith Sr:Ca ratios
and ambient Sr:Ca ratios in the Umatilla Hatchery
and Columbia River waters, two groups of juvenile

chinook salmon were held in a live-cage in the
Columbia River just down stream of McNary Dam
(Figure 1). The first group consisted of five ju-
venile fall chinook salmon that were held in the
Columbia River from 26 June to 10 July 2000. The
second group consisted of 10 juvenile spring chi-
nook salmon held in the same location from 19
January to 2 February 2001. Just before release
into the live-cage, these fish were immersed in a
solution of 50 mg/L alizarin complexone for 4 h
to mark the beginning of the experimental trial on
the otolith (Thomas et al. 1995; Beckman and
Schulz 1996).

Otolith collection.—Sagittal otoliths were col-
lected from 12 minijack spring chinook salmon
(,300 mm fork length) returning to TMFD during
9–12 July 1999 and 10 minijack fall chinook salm-
on (,380 mm) returning between 28 September
and 25 October 1999. Sagittal otoliths from one
adult male chinook salmon (866 mm fork length),
assumed to have migrated to saltwater, were col-
lected for comparison. Otoliths were removed
from all live-cage-held fish as well. All otoliths
were removed immediately, cleaned, and stored in
dry vials until analysis.

Otolith preparation and analysis.—One sagittal
otolith from each fish was mounted with heated
Crystal Bond 509, sulcus-side-down, on a micro-
scope cover slip attached on one edge to a standard
microscope slide. The otolith was then ground with
1,200-grit sandpaper in the sagittal plane to the
level of the nucleus. The mounting medium was
heated and the otolith turned sulcus side-up. The
otolith was then ground with 1,200-grit and 2,000-
grit sandpaper in the sagittal plane to the level of
the nucleus and polished with a slurry of 0.05-mm
alumina paste. The cover slip was then cut with a
scribe so that several prepared otoliths could be
mounted on a petrographic slide for electron mi-
croprobe analysis. The slide containing several
otoliths was rinsed with deionized water, air-dried,
and coated with a 400-Å carbon layer. Elemental
analysis was conducted with a Cameca SX-50
wavelength dispersive electron microprobe. A 15-
kV, 50-nA, 7-mm-diameter beam was used for all
analyses. Strontiantite and calcite were used as
standards for strontium and calcium, respectively.
Each element was analyzed simultaneously, and a
counting time of 40 s was used to maximize pre-
cision (Toole and Nielsen 1992). Strontium was
measured using the TAP crystal, and calcium was
measured using the PET crystal. We report Sr:Ca
ratios as atomic ratios.

On otoliths of juveniles held in the Columbia
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1009MANAGEMENT BRIEFS

TABLE 1.—Releases of yearling hatchery-reared fall chi-
nook salmon and returns of precocious male minijacks
(,381 mm), Umatilla River, Oregon.

Brood
year

Number
released

Minijack
returns

Percent of
total return

1991
1992
1993
1994
1995
1996
1997
1998

134,800
283,500
227,000
564,400
519,900
436,000
449,600
469,800

15
368
338
606
189
261
152

4,948

3.6
24.8
27.5
45.5
25.2
34.3
14.8
82.1

FIGURE 2.—Ambient Sr:Ca ratios (mmol/mol) in the
Columbia River at Beaver (circles), Columbia River at
Vernita (triangles), and Snake River at Burbank
(squares). Years are designated by their last two digits.

River live cage, otolith regions were defined as
hatchery and Columbia River using the alizarin
complexone mark as the boundary separating oto-
lith growth that occurred in the two environments.
The Sr:Ca ratios were measured in an equal num-
ber of points within each region for each fish. To
account for lack of independence among micro-
chemical samples collected within individual oto-
liths (same fish), we used repeated-measures anal-
ysis of variance (ANOVA) to compare Sr:Ca ratios
in hatchery and river growth regions; we consid-
ered each fish as the independent statistical unit
(Chambers and Miller 1995).

To infer extent of migration exhibited by mini-
jacks, Sr:Ca ratios were measured along otolith
transects beginning at the age-1 annulus and con-
tinuing to the edge of the otolith. Because juveniles
are released in the spring, formation of the age-1
annulus was assumed to occur in the months pre-
ceding release and served as a natural mark while
the fish were still in captivity. Transects of otolith
Sr:Ca ratios from the age-1 annulus to the edge of
the otolith were plotted and compared to ratios
observed in experimental fish (hatchery and Co-
lumbia River regions), those in the saltwater
growth region of the single adult and with expected
Sr:Ca ratios from other studies. Minijack salmon
were classified as freshwater residents if plots of
Sr:Ca ratios between the age-1 annulus and the
edge of the otolith were flat and similar to that
measured in the hatchery growth zone. Converse-
ly, minijacks were classified as saltwater migrants
if the Sr:Ca ratios between the age-1 annulus and
the edge of the otolith peaked to levels observed
in the saltwater growth region of the adult otolith.

Results

Minijack Returns

Since 1993 (brood year 1991), returns of min-
ijack fall chinook salmon to the Umatilla River

ranged from a low of 15 to a high of 4,948 in 1998
(Table 1). The mean return (6SD) of minijacks to
the Umatilla River during the ensuing 8-year pe-
riod was 860 (SD 5 61,661) fish, but this statistic
was strongly influenced by the 1998 datum. Ex-
cluding the 1998 return, the mean number of fall
chinook returning as minijacks was 276 6 188 fish.
During this period, the percentage of smolts re-
leased that returned as minijacks ranged from
0.01% to 1.05% (mean 5 0.20%). The total return
of fall minijacks was not correlated to total release
of yearling smolts (r2 5 0.21, df 5 6, P 5 0.25).
The GI of 60 yearling chinook salmon at release
(150 mm fork length) was under 1%. The mean
GI of 26 minijack fall chinook salmon was 6.63
6 0.91%. The mean length of fall chinook salmon
minijacks collected for otolith analysis was 346
626 mm and for spring fish was 263 6 17 mm.

Water Chemistry

The Sr:Ca ratios of water at the three USGS
sampling locations ranged from 1.9 to 3.3 mmol/
mol (Figure 2). The highest Sr:Ca occurred in the
Snake River and the lowest in the Columbia River
at Vernita Bridge, which is upstream of the con-
fluence of the Snake and Columbia rivers. The Sr:
Ca ratios in the Columbia River at Beaver, which
is considered the beginning of the Columbia River
estuary, ranged from 2.1 to 3.3 mmol/mol (Figure
2). At 8.6–8.74 mmol/mol, Sr:Ca ratios in salt-
water are 2.6–4.5 times higher than those observed
at the three locations within the Columbia and
Snake rivers.
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1010 ZIMMERMAN ET AL.

FIGURE 3.—Transect of otolith Sr:Ca ratios beginning
in a single primordium and concluding at the edge of
the otolith of an adult male fall chinook salmon, Umatilla
River, Oregon.

FIGURE 4.—Transect of otolith Sr:Ca ratios beginning
at the age-1 annulus and concluding at the edge of the
otolith of a minijack fall chinook salmon, Umatilla Riv-
er, Oregon.

FIGURE 5.—Transect of otolith Sr:Ca ratios beginning
at the age-1 annulus and concluding at the edge of the
otolith of a minijack spring chinook salmon, Umatilla
River, Oregon.

Otolith Microchemistry

The Sr:Ca ratios across a transect of points be-
ginning in the primordia and concluding at the
edge of the otolith of the adult male chinook salm-
on were similar to those of anadromous salmonids
reported previously (e.g., Kalish 1990; Radtke
1995). Low Sr:Ca ratios (range 0.0006–0.0010)
were measured in the freshwater growth region,
and high Sr:Ca ratios (range 0.0016–0.0024) were
measured in the ocean growth region of the otolith
as identified based on banding patterns before mi-
crochemical analysis (Figure 3).

Otolith Sr:Ca ratios did not differ significantly
between periods of hatchery growth and Columbia
River growth for 15 young spring and fall chinook
salmon (repeated-measures ANOVA: F1, 14 5 1.37,
P 5 0.26). The mean Sr:Ca ratio within the hatch-
ery growth region of the 15 young spring and fall
chinook salmon was 0.00092 (SD 5 60.00015)
and mean Sr:Ca ratio in the otolith representing
the time that these juveniles were held in the Co-
lumbia River was 0.00076 6 0.00014. Thus, water
in the Umatilla or Columbia rivers probably would
not result in high Sr:Ca ratios, as would be ex-
pected from otolith growth occurring in saltwater.

All minijacks were classified as saltwater mi-
grants based on variation of Sr:Ca ratios along
transects from the age-1 annulus to the edge of the
otolith. The mean Sr:Ca ratio at the age-1 annulus
was 0.00078 6 0.0002 for spring chinook salmon
minijacks (N 5 10) and 0.00078 6 0.0001 for fall
fish (N 5 9). Mean maximum Sr:Ca ratios between
the age-1 annulus and edge of otolith was 0.00186
6 0.0003 (range 5 0.00130–0.00220) for spring
fish (N 5 10) and 0.00218 6 0.0001 (range 5

0.00202–0.00240) for fall fish (N 5 9). Had mini-
jacks remained in freshwater, Sr:Ca ratios probably
would have remained within the range observed
in the Columbia River growth region of the test
fish held below McNary Dam. Maximum Sr:Ca
ratios between the age-1 annulus and the edge of
the otoliths were within the range of Sr:Ca ratios
observed in the saltwater growth region of the
adult. Duration of saltwater residence varied
among minijacks. One fall minijack was charac-
terized by two distinct peaks in Sr:Ca ratios, which
suggests it had encountered saltwater twice before
returning to the Umatilla River (Figure 4). The
remaining minijacks were characterized a single
peak in Sr:Ca ratios between the age-1 annulus
and the edge of otolith, which suggests only one
period of saltwater residence (Figure 5).
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Discussion

Although we were only able to sample a small
number of minijack chinook salmon returning to
the Umatilla River, our results suggest that migra-
tion exhibited by these fish is much greater than
anticipated. Given the distance and difficulty of
migration past three mainstem Columbia River
dams, these fish were previously assumed to have
remained within the Columbia River near the con-
fluence of the Umatilla River. Rather, within 4–7
months of release, the fish we examined appear to
have migrated at least 400 km to the Columbia
River estuary or beyond and then, returned at least
400 km to the Umatilla River.

Analysis of otolith microchemistry confirmed
that minijack chinook salmon migrated to salt-
water between the times they were released as
smolts and subsequently recaptured. In this case,
otoliths provided an archival tag-measuring cor-
relates of salinity and, thus, provided a means to
identify time spent in saltwater. Because this meth-
od is dependent on the assumption that freshwaters
are low in Sr, we included analysis of ambient Sr:
Ca in Columbia and Snake Rivers to ensure that
the increased Sr:Ca ratios in otoliths were due to
saltwater entry. Alternatively, these fish could
have migrated to a location high in Sr:Ca. The
Columbia and Snake Rivers are low in Sr:Ca rel-
ative to ocean levels and we know that this is true
as far downstream as the USGS station at Beaver
(Figure 1). Thus, we believe that the minijacks
examined in this study migrated to a point down-
stream of that location.

In addition to environmental variation in am-
bient water chemistry, Sr:Ca ratios in otoliths can
be influenced by crystal structure (Gauldie 1996;
Brown and Severin 1999), maturation (Friedland
et al. 1998), and temperature (Townsend et al.
1992). Typically, the calcium carbonate matrix in
otoliths is deposited as aragonite but can also be
deposited as vaterite or calcite (Gauldie 1993). Va-
terite replacement of aragonite is characterized by
extremely low levels of strontium substitution for
calcium (Gauldie 1996; Brown and Severin 1999).
As a result, we avoided measuring Sr:Ca ratios in
otolith regions of vaterite, or we excluded otoliths
with greater than 50% vaterite replacement. Many
of the minijack samples analyzed in this study
were characterized by vaterite replacements of 10–
60%, based on visual examination.

Maturation has been shown to affect otolith Sr:
Ca ratios in Atlantic salmon Salmo salar. Friedland
et al. (1998) compared Sr:Ca ratios in immature

and maturing Atlantic salmon caught at sea and
found that the deposition of Sr:Ca was related to
somatic growth and maturation. Further, they
found distinct peaks of otolith Sr:Ca ratios just
before Atlantic salmon entered freshwater to
spawn. The difference in Sr:Ca ratios within the
saltwater otolith growth region attributed to mat-
uration by Friedland et al. (1998) was approxi-
mately 0.0004. The difference between minimum
and maximum Sr:Ca ratios in the minijack chinook
salmon in this study ranged from 0.006 to 0.0017,
suggesting that these differences were due to shift
in habitat (freshwater to saltwater), rather than
maturation, assuming the maturation pathway in
adult Atlantic salmon and Umatilla River chinook
minijacks is similar. Like maturation, temperature
has been shown to affect otolith Sr:Ca ratios
(Townsend et al. 1992). Similar to maturation, the
influence of temperature on otolith Sr:Ca ratios is
likely to be much less than shifts in salinity (Cam-
pana 1999). Campana (1999), in a discussion of
the relative role of temperature and salinity in de-
termining otolith Sr:Ca ratios, suggests that a
change of 15–308C would be required to produce
Sr:Ca ratio changes of the magnitude observed be-
tween freshwater and saltwater growth regions of
otoliths. Campana (1999) also pointed out that
temperature effects have only been observed when
median temperatures are below 108C. Therefore,
difference between Sr:Ca ratios at the age-1 an-
nulus and maximum Sr:Ca ratio measured between
the age-1 annulus and edge of the otolith were not
likely to be a result of temperature differences.
Using the equation provided by Campana (1999)
of each degree of rising temperature resulting in
a 0.0001 decline in otolith Sr:Ca, a temperature
drop of 8–17.58C after release from the hatchery
would be needed to produce the observed differ-
ences of Sr:Ca ratios between the age-1 annulus
and maximum Sr:Ca ratios encountered after re-
lease.

Although only 0.01–1.05% of yearling releases
returned as minijacks, they compose 3.6–82.1% of
the total run of fall chinook salmon. The ecological
and management implications of this undesirable
life history form are not fully understood but in-
clude potential impacts on the age structure of fish
spawning in the wild, overestimation of fall chi-
nook salmon escapement, and decreased returns of
adult chinook salmon (Taylor 1989; Clarke and
Blackburn 1994).

Understanding the physiological state of these
chinook salmon as they reach saltwater may help
to elucidate the factors favoring precocial matu-
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1012 ZIMMERMAN ET AL.

ration in fall and spring releases. Because smolting
and early sexual maturation are mutually exclusive
processes (Randall et al. 1987; Thorpe 1987), mat-
uration as these fish reach saltwater may preclude
smolting and migration to the ocean (Foote et al.
1991). Further work is needed to examine growth
and smolting in Umatilla River hatchery chinook.

Hatchery practices that include increasing
growth, resulting from overwintering in warmer-
than-ambient water temperature and excessive ar-
tificial feeding, may trigger early maturation. Fast-
er growth may lead to early sexual maturation in
chinook salmon, leading to a completed life cycle
in freshwater (Clarke and Blackburn 1994). The
hatchery practice of releasing salmon smolts at
larger-than-natural size to increase survival may
increase precocial maturation (Mullan et al. 1992)
and, hence, minijack production. Occurrence of
minijacks may be exacerbated in fall chinook
salmon because yearling releases are not com-
monly practiced and age-1 smolts are not observed
in wild populations. Subyearling releases in the
Umatilla River do not mature into minijacks. Un-
win and Glova (1997) suspected that extended
hatchery rearing of 8–12 months was partially re-
sponsible for early maturation in a chinook salmon
population in New Zealand. They found that dif-
ferences between fish of hatchery and wild origin
were primarily related to hatchery rearing practic-
es, but there was also a general decline in age at
maturity of wild males.

The potential effects of chinook salmon mini-
jacks spawning in the wild are unknown. If mini-
jack production is related to inherited traits, such
as growth or age at maturity, spawning of minijack
salmon in the wild may lead to changes in the age
structure or growth characteristics of wild fall chi-
nook salmon. Such a shift would be contrary to
the goal of reintroducing a naturally sustaining
population of fall chinook salmon in the Umatilla
River. As a result, research concerning the mag-
nitude and reproductive success of minijack
spawning is needed to guide management of chi-
nook salmon populations in the Umatilla River.
Minijacks are not included in hatchery broodstock,
but we do not know if they spawn naturally in the
Umatilla River. Minijacks have been observed in
areas of spawning salmon (P. Kisner, Confederated
Tribes of the Umatilla Indian Reservation, per-
sonal communication). Limiting escapement of
minijacks and, hence, spawning by minijacks can
be achieved by collecting them at the TMFD fish
trap and by increasing their harvests by sport an-
glers. Further research is needed concerning phys-

iological, behavioral, and genetic factors that pro-
mote or induce maturation in yearling releases of
chinook salmon and to find methods of preventing
the formation of minijacks in the Umatilla River.

Acknowledgments

We thank the trap and haul project personnel of
the Confederated Tribes of the Umatilla Indian
Reservation and Oregon Department of Fish and
Wildlife for collecting minijacks. We appreciate
the reading of coded wire tags by Bill Haugen of
the Oregon Department of Fish and Wildlife Mark-
ing laboratory. Gordon Reeves and the U.S. Forest
Service Pacific Northwest Research Station pro-
vided office and laboratory space to C.E.Z. during
completion of this work. We thank Dale Chess,
Kelly Burnett, Jennifer Nielsen, Eric Knudsen,
Martin Unwin, Michael Hansen, and an anony-
mous reviewer for thoughtful comments and re-
views that improved this paper.

References

Babaluk, J. A., N. M. Halden, J. D. Reist, A. H. Kris-
tofferson, J. L. Campbell, and W. J. Teesdale. 1997.
Evidence for non-anadromous behavior of Arctic
charr (Salvelinus alpinus) from Lake Hazen, Elles-
mere Island, Northwest Territories, Canada, based
on scanning proton microprobe analysis of otolith
strontium distribution. Arctic 50:224–233.

Beckman, D. W., and R. G. Schulz. 1996. A simple
method for marking fish otoliths with alizarin com-
pounds. Transactions of the American Fisheries So-
ciety 125:146–150.

Brown, R. J., and K. E. Severin. 1999. Elemental dis-
tribution within polymorphic inconnu (Stenodus
leucichthys) otoliths is affected by crystal structure.
Canadian Journal of Fisheries and Aquatic Sciences
56:1898–1903.

Bruland, K. 1983. Trace elements in seawater. Pages
157–220 in J. P. Riley and R. Chester, editors.
Chemical oceanography, volume 8. Academic
Press, London.

Campana, S. E. 1999. Chemistry and composition of
fish otoliths: pathways, mechanisms and applica-
tions. Marine Ecology Progress Series 188:263–
297.

Chambers, R. C., and T. J. Miller. 1995. Evaluating fish
growth by means of otolith increment analysis: spe-
cial properties of individual-level longitudinal data.
Pages 155–175 in D. H. Secor, J. M. Dean, and S.
E. Campana, editors. Recent developments in fish
otolith research. University of South Carolina Press,
Columbia.

Clarke, W. C., and J. Blackburn. 1994. Effect of growth
on early sexual maturation in stream-type chinook
salmon (Oncorhynchus tshawytscha). Aquaculture
121:95–103.

Flain, M. 1970. Precocious male quinnat salmon On-
corhynchus tshawytscha (Walbaum) in New Zea-

D
ow

nl
oa

de
d 

by
 [

U
SG

S 
L

ib
ra

ri
es

 P
ro

gr
am

] 
at

 1
7:

54
 1

7 
M

ay
 2

01
3 



1013MANAGEMENT BRIEFS

land. New Zealand Journal of Marine and Fresh-
water Research 4:217–222.

Foote, C. J., W. C. Clarke, and J. Blackburn. 1991. In-
hibition of smolting in precocious male chinook
salmon, Oncorhynchus tshawytscha. Canadian Jour-
nal of Zoology 69:1848–1852.

Friedland, K. D., D. G. Reddin, N. Shimizu, R. E. Haas,
and A. F. Youngson. 1998. Strontium:calcium ratios
in Atlantic salmon (Salmo salar) otoliths and ob-
servations on growth and maturation. Canadian
Journal of Fisheries and Aquatic Sciences 55:1158–
1168.

Gauldie, R. W. 1993. Polymorphic crystalline structure
of fish otoliths. Journal of Morphology 218:1–28.

Gauldie, R. W. 1996. Effects of temperature and vaterite
replacement on the chemistry of metal ions in the
otoliths of Oncorhynchus tshawytscha. Canadian
Journal of Fisheries and Aquatic Sciences 53:2015–
2026.

Gebhards, S. V. 1960. Biological notes on precocious
male chinook salmon parr in the Salmon River
drainage, Idaho. Progressive Fish-Culturist 22:121–
123.

Healey, M. C. 1991. Life history of chinook salmon
(Oncorhynchus tshawytscha) Pages 313–393 in C.
Groot and L. Margolis, editors. Pacific salmon life
histories. UBC Press, Vancouver.

Howland, K. L., W. M. Tonn, J. A. Babaluk, and R. F.
Tallman. 2001. Identification of freshwater and
anadromous inconnu in the Mackenzie River system
by analysis of otolith strontium. Transactions of the
American Fisheries Society 130:725–741.

Kafemann, R., S. Adlerstein, and R. Neukamm. 2000.
Variation in otolith strontium and calcium ratios as
an indicator of life-history strategies of freshwater
fish species within a brackish water system. Fish-
eries Research 46:313–325.

Kalish, J. M. 1990. Use of otolith microchemistry to
distinguish the progeny of sympatric anadromous
and non-anadromous salmonids. U.S. National Ma-
rine Fisheries Service Fishery Bulletin. 88:657–
666.

Kelly, V. J., R. P. Hooper, B. T. Aulenbach, and M. Janet.
2001. Concentrations and annual fluxes for selected
water-quality constituents from the USGS National
Stream Quality Accounting Network, 1996–2000.
U.S. Geological Survey, Water Investigations Re-
port 01-4255, Reston, Virginia.

Limburg, K. E. 1995. Otolith strontium traces environ-
mental history of subyearling American shad Alosa
sapidissima. Marine Ecology Progress Series 119:
25–35.

Mendel, G., J. Bumgarner, D. Milks, L. Ross, and J.
Dedloff. 1996. Lyons Ferry Hatchery evaluation:
fall chinook salmon 1995 annual report. Washington
Department of Fish and Wildlife, Hatchery Report
H96–09, Olympia, Washington.

Mullan, J. W., A. Rockhold, and C. R. Chrisman. 1992.
Life histories and precocity of chinook salmon in
the mid-Columbia River. Progressive Fish-Culturist
54:25–28.

Nozaki, Y. 1997. A fresh look at element distribution
in the North Pacific. EOS 78:221–223.

Radtke, R. L. 1995. Otolith microchemistry of charr—
use in life history studies. Nordic Journal of Fresh-
water Research 71:392–395.

Randall, R. G., M. C. Healey, and J. B. Dempson. 1987.
Variability in length of freshwater residence of
salmon, trout, and char. Pages 27–41 in M. J. Dad-
swell, R. J. Klauda, C. M. Moffitt, R. L. Saunders,
R. A. Rulifson, and J. E. Cooper, editors. Common
strategies of anadromous and catadromous fishes.
American Fisheries Society, Symposium 1, Bethes-
da, Maryland.

Reimers, P. E., and G. L. Concannon. 1977. Extended
residence of hatchery-released juvenile fall chinook
salmon in Elk River, Oregon. Oregon Department
of Fish and Wildlife, Information Report Series,
Fisheries 77–2, Corvallis, Oregon.

Rich, W. H. 1920. Early history and seaward migration
of chinook salmon in the Columbia and Sacramento
Rivers. U.S. Bureau of Fisheries Bulletin 37:1–73.

Rieman, B. E., D. L. Myers, and R. L. Nielsen. 1994.
Use of otolith microchemistry to discriminate On-
corhynchus nerka of resident and anadromous ori-
gin. Canadian Journal of Fisheries and Aquatic Sci-
ences 51:68–77.

Rutter, C. 1902. Natural history of the quinnat salmon.
U.S. Bureau of Fisheries Bulletin 22:65–141.

Secor, D. H. 1992. Application of otolith microchem-
istry analysis to investigate anadromy in Chesa-
peake Bay striped bass Morone saxatilis. U.S. Na-
tional Marine Fisheries Service Fishery Bulletin.
90:798–806.

Secor, D. H., and J. R. Rooker. 2000. Is otolith strontium
a useful scalar of life cycles in estuarine fishes?
Fisheries Research 46:359–371.

Taylor, E. B. 1989. Precocial male maturation in labo-
ratory-reared populations of chinook salmon, On-
corhynchus tshawytscha. Canadian Journal of Zo-
ology 67:1665–1669.

Thomas, J. W., J. W. Elliott, and J. L. Banks. 1969.
Hematological and chemical characteristics asso-
ciated with precocious male chinook salmon fin-
gerlings. Transactions of the American Fisheries So-
ciety 98:23–26.

Thomas, L. M., S. A. Holt, and C. R. Arnold. 1995.
Chemical marking techniques for larval and juve-
nile red drum (Sciaenops ocellatus) otoliths. Pages
703–717 in D. H. Secor, J. M. Dean, and S. E.
Campana, editors. Recent developments in fish oto-
lith research. University of South Carolina Press,
Columbia.

Thorpe, J. E. 1987. Smolting versus residency: devel-
opmental conflicts in salmonids. Pages 244–253 in
M. J. Dadswell, R. J. Klauda, C. M. Moffitt, R. L.
Saunders, R. A. Rulifson, and J. E. Cooper, editors.
Common strategies of anadromous and catadromous
fishes. American Fisheries Society, Symposium 1,
Bethesda, Maryland.

Townsend, D. W., R. L. Radtke, S. Corwin, and D. A.
Libby. 1992. Strontium:calcium ratios in juvenile
Atlantic herring Clupea harengus otoliths as a func-

D
ow

nl
oa

de
d 

by
 [

U
SG

S 
L

ib
ra

ri
es

 P
ro

gr
am

] 
at

 1
7:

54
 1

7 
M

ay
 2

01
3 



1014 ZIMMERMAN ET AL.

tion of water temperature. Journal of Experimental
Marine Biology and Ecology 160:131–140.

Toole, C. L., and R. L. Nielsen. 1992. Effects of mi-
croprobe precision on hypotheses related to otolith
Sr:Ca ratios. U.S. National Marine Fisheries Service
Fishery Bulletin. 90:421–427.

Unwin, M. J., and G. J. Glova. 1997. Changes in life
history parameters in a naturally spawning popu-
lation of chinook salmon (Oncorhynchus tshawyts-
cha) associated with releases of hatchery-reared
fish. Canadian Journal of Fisheries and Aquatic Sci-
ences 54:1235–1245.

Unwin, M. J., M. T. Kinnison, and T. P. Quinn. 1999.
Exceptions to semelparity: postmaturation survival,
morphology, and energetics of male chinook salmon
(Oncorhynchus tshawytscha). Canadian Journal of
Fisheries and Aquatic Sciences 56:1172–1181.

Volk, E. C., A. Blakley, S. L. Schroder, and S. M. Kueh-
ner. 2000. Otolith microchemistry reflects migra-
tory characteristics of Pacific salmonids: using oto-
lith core chemistry to distinguish maternal associ-
ations with sea and freshwaters. Fisheries Research
46:251–266.

D
ow

nl
oa

de
d 

by
 [

U
SG

S 
L

ib
ra

ri
es

 P
ro

gr
am

] 
at

 1
7:

54
 1

7 
M

ay
 2

01
3 


